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Abstract. Two recent measurements of the cross section for the inclusive production of isolated 
^^ \ prompt photons in pp collisions at a center-of-mass energy -Js — 7 TeV are presented. The results 

are based on data collected in 2010 with the ATLAS detector at the Large Hadron Collider. The 
pq ' measurements cover the pseudorapidity ranges \7]'^\ < L37 and L52 < |t7^| < 2.37 and the trans- 

verse energy range \5 <Ej < 400 GeV The measured cross sections are compared to predictions 
from next-to-leading-order perturbative QCD calculations. 
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Prompt photon production at hadron colliders proceeds mainly through parton hard scat- 
ty ■ tering, thus providing a handle for testing perturbative QCD (pQCD) predictions. The 
O . dominant production mechanism at Large Hadron Collider (LHC) energies is qg—^qy, 
thus its cross section measurement can constrain the gluon density in protons. 

Here we present two measurements of the inclusive isolated prompt photon produc- 

(^ ■ tion cross section, as a function of the photon transverse energy, using pp collision data 

collected in 2010 with the ATLAS detector at the LHC at a center-of-mass energy of 7 

TeV. The former [1] is based on an integrated luminosity j ^dt = (0.88 ±0.1) pb~\ 

and provides a measurement of the cross section for 15 < Ej < 100 GeV in the pho- 

K^ '. ton pseudorapidity intervals [0,0.6), [0.6, 1.37) and [1.52, 1.81). The latter [2] uses the 

H [ full 2010 data sample {j ^dt — (34.6 ± 1.2) pb^^), covers the transverse energy range 

- - ■ A5 <Ej < 400 GeV and explores an additional pseudorapidity interval, [1.81,2.37). 

THE ATLAS DETECTOR 

The ATLAS detector [3, 4] consists of an inner tracking system surrounded by a thin 
superconducting solenoid providing a 2 T magnetic field, electromagnetic and hadronic 
calorimeters, and a muon spectrometer based on large superconducting toroids. For the 
measurements presented here, the calorimeter and the inner detector are of particular 
relevance. The former provides a precise measurement of the photon energy and direc- 
tion, and discrimination between single photons and fake photon candidates. The latter is 
used to distinguish electrons from photons and to reconstruct conversion vertices. These 
two systems and the photon trigger algorithms are briefly described in Ref. [1]. 
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EVENT SELECTION 

Events are triggered using a single-photon high-level trigger with a nominal transverse 
energy threshold of 10 GeV [1] or 40 GeV [2]. Using unbiased or lower- threshold 
triggers, these triggers are found to be fully efficient for prompt photons passing the 
selection criteria described later. Events in which the calorimeters or the inner detector 
are not fully operational, or show data quality problems, are discarded. To reduce non- 
collision backgrounds, events are required to have at least one reconstructed primary 
vertex, with at least three associated tracks, consistent with the average beam spot. 

Photons are reconstructed from electromagnetic clusters and tracking information 
provided by the inner detector as described in [1]. Photon candidates near regions of 
the calorimeter affected by read-out or high- voltage failures are not considered. Events 
with one photon candidate in the nominal acceptance are selected: 

• £^ > 15 GeV, \ri^\ < 1.37 or 1.52 < \ri^\ < 1.81 in [1], 

• £'^ > 45 GeV, \ri^\ < 1.37 or 1.52 < \ri^\ < 2.37 in [2]. 

Background from non-prompt photons originating from decays of energetic ;r^ and 77 
mesons inside jets are suppressed by means of shower-shape and isolation variables. 
Photon candidates are required to pass tight identification criteria based on nine discrim- 
inating variables computed from the the lateral and longitudinal profiles of the energy 
deposited in the calorimeters, in particular in the first (finely segmented) and second 
layers of the electromagnetic calorimeter and in the hadronic calorimeter behind it. The 
photon transverse isolation energy Ej° is computed from the sum of the energies in the 
electromagnetic calorimeter cells in a cone of radius 0.4 in the Tj — ^ plane around the 
photon axis. The contribution to Ej° from the photon itself and from the soft-jet activity 
from the underlying event are subtracted (for the latter the technique proposed in [5] is 
adopted). We require Ej° < 3 GeV. The final sample size is 110 thousand events in [1] 
and 174 thousand events in [2]. About 30% of the photon candidates are reconstructed 
from conversions. 

BACKGROUND SUBTRACTION 

A non-negligible residual contribution of background candidates is expected in the se- 
lected photon sample. The main source is due to misidentified QCD jets, typically con- 
taining a neutral meson (n^, rj) that carries most of the jet energy and decays to a col- 
limated photon pair. The background contamination is estimated and then subtracted by 
means of a data-driven counting technique based on the observed number of events in the 
control regions (sidebands) of a two-dimensional plane formed by the photon transverse 
isolation energy and a photon identification variable, exploiting two properties: the neg- 
ligible correlation between these two variables for background events and the dominance 
of background over signal in the three background control regions. The number of sig- 
nal events A^^'^ in the selected sample is given by A^^'^ = Na- {Nb - cgN^^) ^'^'^~'"^\J , 

where Na is the total number of events in the selected sample, Nk (for Kg {5, C, D}) are 
the number of events in the three control regions and cx = N^k^/N^^ are signal leakage 
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fractions, extracted from simulated signal events (their size does not exceed a few %). 
The procedure is applied separately for each of the pseudorapidity intervals under study 
and in several bins of photon transverse energy. The (small) background contribution 
from isolated electrons from W and Z is estimated from simulated W /Z events using 

the e — )■ 7 fake rate (~ 8%) measured in data. The estimated signal purity N^^ /Na in- 
creases from around 50% at Ej = 15 GeV to 90% and above for Ej > 100 GeV. It is 
cross-checked with a template fit to the isolation distribution of the selected photons. 



CROSS SECTION MEASUREMENT 

The E'x-differential cross section for each of the pseudorapidity intervals under study is 
determined from the estimated signal yield as a function of the photon transverse energy 
and the photon trigger (Ctrig), reconstruction (Crec) and identification (Cid) efficiencies, 

da _ ^'^ U 

dE^ iJ-S^dt) AE^ En-ig Erec eiD 



. While the trigger efficiency (consistent with 100%) is mea- 
sured in data, the other two are estimated from simulated signal samples, after adjusting 
the shower shape distributions in order to match those in data. A less precise data-driven 
measurement of Eid using electrons from W decays is in agreement with the nominal 
result. Crec is around 80% ^ while £id increases from around 65% to ~ 95% as a function 
of Ej. Correction factors U (close to 1) take into account migrations between neigh- 
bouring bins in Ej due to energy resolution. They are obtained with various unfolding 
techniques [6, 7], using the Ej^^ ^ Ej^ response matrix from simulated true photons. 

Several sources of systematic uncertainties are evaluated and their contributions are 
combined, taking into account their correlations. The uncertainty on the reconstruction 
efficiency is dominated by the isolation efficiency cut (3-4%), the signal event generator 
(2%) and the limited knowledge of the detector material (1-2%). The uncertainty on the 
identification efficiency is dominated by the detector material knowledge (up to 6%) 
and the data/simulation shower shape agreement (up to 5%). The uncertainty on the 
background subtraction is dominated by the inputs from the simulation (up to 10%) and 
the choice of the background control regions (up to 6%). The uncertainty on the photon 
energy scale (1.5-3%) translates into a global 5-10% uncertainty on the cross section. 



RESULTS AND CONCLUSION 

The measured cross sections are shown in Fig. 1 and 2. The red triangles represent the 
experimental results from [1], the black dots those from [2]. The theoretical pQCD cross 
section, computed with a fixed-order NLO parton-level generator [8], is overlaid (blue 
band). The CTEQ 6.6 PDFs are used. The scales are set to Ej. The parton transverse 
energy in a cone of radius 0.4 around the photon is required to be below 4 GeV: varying 
the requirement by ±2 GeV changes the cross section by ±2%. PDF uncertainties lead 
to a systematic uncertainty decreasing from 4% to 2% with Ej, and varying the scales 



^ A significant inefficiency was due to dead readout regions and was recovered in winter 201 1 shutdown 
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between 0.5 Ej and 2 Ej leads to an uncertainty decreasing from 20% to 8%. 
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FIGURE 1. Prompt yproduction cross sections for |t7^|<0.6 (left) and 0.6<|t7''|<1.37 (right). 
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FIGURE 2. Prompt 7 production cross sections for 1.52<|tj1'|<1.81 (left) and 1.81<|tj''|<2.37 (right). 

The measured cross sections are in agreement between the two measurements [1,2] 
and with the theoretical predictions [8] for Ej > 35 GeV. Below, where the contribution 
from parton-to-photon fragmentation is larger, the theory tends to overestimate the data, 
possibly hinting to the need of more accurate (NNLO) predictions. 
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